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1078–5Purpose. Models have been developed to predict the likely outcomes of endovascular aneurysm repair (EVAR) for patients,
based on a longitudinal Australian audit.
Methodology. Mid-term progress of 961 Australian patients who underwent EVAR has been collected and used to develop
predictive models for 17 outcomes.
Stepwise forward logistic regressions determined the significant preoperative patient variables to be included in each
outcome model. An interactive program was subsequently developed to allow surgeons to review the predicted success rates
for patients about to undergo the procedure. Each model was assessed using a global goodness of fit test and was internally
validated using bootstrapping.
Results. Eight pre-operative variables were included in the interactive model for 17 outcomes. The eight variables used
were aneurysm size, age, ASA, gender, creatinine, aortic neck angle, infrarenal neck diameter and infrarenal neck length.
The outcomes predicted included perioperative mortality, perioperative morbidity, mid-term survival and reintervention
rates.
All outcome models achieved reasonable goodness of fit, with the exception of the model for conversion to open repair
(p¼ 0.04). With respect to validation, survival, aneurysm related deaths, migrations, ruptures and conversions to open
repair performed best in terms of predictive discrimination. Models for survival, migrations and conversions to open
repairs performed best in terms of bias corrected R-squared index. The models with the smallest calibration error were 3
and 5 year survival, early deaths and mid-term type I endoleaks.
Conclusions. An interactive model is available, which can assist vascular surgeons to evaluate the expected outcomes for
a particular patient undergoing EVAR. The validated model is useful for counselling and pre-operative decision making.
 2008 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
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The Australian audit of endovascular aneurysm
repair (EVAR) was a longitudinal national audit
funded by the Australian Government and under-
taken by the Royal Australasian College of Sur-
geons.1e3 The audit was established to help inform
the Australian Government about the mid to long
term safety and effectiveness of the procedure.4 Atsponding author. Associate Professor R. Fitridge, FRACS, De-
ent of Surgery, University of Adelaide, The Queen Elizabeth
al, Woodville, SA 5011, Australia.
address: robert.fitridge@adelaide.edu.au
884/000571 + 09 $34.00/0  2008 European Society for Vasculathe time of this analysis, the audit was in its seventh
year.
The information presented here is based on pre-
operative, operative and follow-up audit data for
patients who underwent elective or semi-urgent
(non-ruptured) repair of their abdominal aortic aneu-
rysms between November 1999 and May 2001. Mortal-
ity data was obtained through cross-linkage with the
Australian Institute of Health and Welfare’s National
Death Index.
The purpose of this paper is to describe the devel-
opment and validation of predictive models that
will enable surgeons and patients to estimate the
likely success of the EVAR procedure based on pre-
operative variables.r Surgery. Published by Elsevier Ltd. All rights reserved.
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Australian audit of EVAR
The Australian audit of endovascular aneurysm re-
pair was established in 1999 as a longitudinal popula-
tion-based audit to clarify mid to long term outcomes
of EVAR. All EVAR procedures performed in the pri-
vate sector were required to be submitted to the audit.
Cross checking with the Australian Institute of Health
and Welfare ascertained at least 95% of all procedures
performed privately were registered with the audit.
Reliable figures of procedures performed in the public
sector were not readily available; however a large
number of surgeons also provided their public prac-
tice data. It is not possible to comment on the out-
comes of cases not submitted to the audit.
Ethics approval for the audit was obtained from the
Ethics Committee of the Royal Australasian College of
Surgeons and from the Australian Institute of Health
and Welfare, prior to using the National Death Index.
A reference group of vascular surgeons provides ad-
vice on clinical aspects of EVAR repair. Participating
surgeons obtained informed consent from patients.
Pre-operative, operative and follow-up data were
collected for each patient. Follow-up information
was obtained for 938 of the 961 (98%) patients. Mortal-
ity information for patients enrolled in the audit was
obtained from the Australian Institute of Health and
Welfare’s National Death Index (NDI) in November
2004, September 2005 and August 2006. All Australian
deaths are registered through this system.
Patients who underwent elective or semi-urgent
(non-ruptured aneurysms) EVAR between the 1
November 1999 and 16 May 2001 were enrolled in the
Australian audit. Surgeons took responsibility for sub-
mitting data and an audit manager oversaw data entry,
validation and checking to ensure that sound practices
were used in processing personal information. The
data entry forms can be downloaded from the audit
website (www.surgeons.org/asernip-s/audit.htm).Preoperative variables
Preoperative variables collected included age, physi-
cal condition (ASA), comorbidities, renal function
(creatinine), smoking status, patient type (public/
private), gender and suitability for open repair. Infor-
mation following imaging included physical charac-
teristics of the aneurysm (size, length of neck,
diameter of neck, diameter of external iliac artery,
presence of thrombus in the neck, saccular aneurysm,
iliac aneurysm, occlusive aorto-iliac disease, iliacEur J Vasc Endovasc Surg Vol 35, May 2008tortuosity and iliac calcification, artery affected by an-
eurysm, angulation of vessels, classification of aneu-
rysm, and patency of IMA). Information relating to
the surgery included site of procedure, type of anaes-
thesia, main access vessel, access technique, name of
device, type of graft and duration of the procedure.
In order to identify which key predictor variables
to use in the models a number of criteria were used.
Any variables that were subjective, ambiguous or in-
adequately defined were not included (i.e. diagnoses
of diseases such as hypertension, cancer and periph-
eral vascular disease, presence of thrombus in the
neck, suitability for open repair as determined by
the treating doctor, presence of thrombus, iliac tortu-
osity, iliac calcification, and duration of procedure).
Variables that were frequently incomplete were also
excluded from subsequent analysis (i.e. presence of
saccular aneurysm, iliac aneurysm and occlusive
aorto-iliac disease; and angulation of some vessels).
Some audit variables were not included in the final
predictive model, primarily because they were not
found to be statistically significant for all or most out-
come measures (whether the patient was being
treated through the public or private system, smoking
status, aneurysm angle, graft type (e.g. bifurcated),
and procedure site (e.g. surgical theatre)). In the case
of device brand over 85% of patients received the
Zenith (Cook) graft, and therefore the remaining graft
types (6) comprised a total of 15%. For this reason de-
vice brand was not included in the model.
The key predictor variables used to assess relation-
ships with each of the success measures were: preop-
erative aneurysm size, age at operation, ASA rating,
gender, creatinine, aortic neck angle, infrarenal neck
diameter and infrarenal neck length.
To ensure that the models operated in a credible
range, summaries and graphs derived from the 2006
statistical analysis report5 of results were studied.
Graphical inspections also validated these choices.
The ranges used for each of the predictor variables
were as follows: age (55e90), ASA (1e4), aneurysm
diameter (40e80 mm), creatinine (60e200 mmol/L),
aortic neck angle (<45 or 45), infrarenal neck length
(6e45 mm), infrarenal neck diameter (17e32 mm).Measures and definitions of outcomes
Based on information collected during the audit,
a number of potential measures of success were iden-
tified. These were technical and initial clinical success,
3 and 5 year survival, aneurysm-related death and
early death, absence from re-interventions (initial and
mid-term), graft complications (initial and mid-term),
573EVAR Outcomes Modelmigration, conversion to open repair, rupture, endo-
leak (type I and II, initial and mid-term). Type III endo-
leaks were not introduced into the dataset until 2003
and were subsequently included with type I endoleaks
for analytical purposes.
The definition of technical and clinical success was
based on reporting standards devised by the Ad Hoc
Committee.6 Aneurysm related death included early
deaths (within 30 days of the primary procedure),
death due to rupture, and death within one month of
a secondary procedure. Re-interventions (initial and
mid-term) were additional procedures for the aneu-
rysm performed using either endovascular or open
surgery with the aim of maintaining exclusion of aneu-
rysm following the original EVAR. ‘‘Initial graft
complications’’ included a range of reported complica-
tions following surgery including migration, thrombo-
sis, all endoleaks, failed access, access vessel problems,
failed deployment, misplaced deployment, imperfect
seal, twist, kink, obstruction, breakage of wires, graft
infection, bleeding, peripheral emboli, wound infec-
tion and stenosis. At mid-term follow-up, complica-
tions included all endoleaks, kinking, stenosis,
migration, thrombosis, graft infection, migration and
broken wires. Migration was based on reporting by
the surgeon (i.e. yes or no). Endoleaks were defined
by Chaikof et al.6 and reported by the surgeons. Initial
complications or re-interventions were those occurring
prior to discharge from hospital. Mid-term results are
those obtained between six months and five years.Statistical analysis
All outcome measures are binomial (dichotomous)
variables. For example survival has two options
(dead or alive), as does technical success (success or
failure), initial intervention (required or not) and com-
plications (presence or absence).Therefore binomial
generalised linear regression with the ‘logit’ link
(sometimes referred to as logistic regression) was
used to determine which key predictor variables
should be included in each model.7
Stepwise forward regression using the Akaike’s In-
formation Criterion (AIC) was used to select which of
the preoperative variables should be included in each
of the success measure models7 (specifically, the ste-
pAIC function developed by Venables and Ripley8).
For each addition of a preoperative variable in the
stepwise process a statistical improvement in the
model is achieved by significantly lowering the corre-
sponding AIC. Selected models were also retrospec-
tively examined using likelihood ratio (Chi-squared)
tests, which is often used for binary logisticregression.9,10 However, the criteria for inclusion
into models was the AIC.
Not all regressions included the same number of
patients. Some preoperative variables were missing
for some patients. Where data was missing, that pa-
tient had to be ignored for that variable. Initially the
stepwise regressions only included patients who had
all preoperative variables. However after significant
variables were selected, the regression model was per-
formed again including as much data as possible.
It is difficult to assess the goodness of fit of logistic
regression models.11 Hosmer et al. 1997 concluded
that one of the most appropriate measures for the as-
sessment of goodness of fit in logistic regression
models is the le Cessie-van-Howelingen-Copas-
Hosmer unweighted sum of squares test statistic.9,11
This test was applied to each of the 17 outcome
models to assess the goodness of fit of each logistic
model. Specifically the residuals.lrm function from
Frank Harrell’s ‘Design’ library was used.12
Steyerberg et al. 2001 concluded that split-sample
validation is inefficient, and recommended bootstrap-
ping for internal validition.13 Thus, for each of the fi-
nal logistic regression models, bootstrapping was
used to assess the internal model validity. Conse-
quently, for each dichotomous response measure 100
samples were taken with replacement and the bias-
corrected Somers’ Dxy rank correlation, bias corrected
R-squared index and the maximum absolute differ-
ence in predicted and calibrated probabilities (Emax)
were reported using Frank Harrell’s validation.lrm
routine.12
The 95% confidence intervals for each success mea-
sure were calculated on the logit scale, but were back
transformed onto the ‘normal’ percentage scale. The
confidence intervals show the range within which
the ‘true’ success rate for patients with the 5e8 attri-
butes is expected to lie.Results
Table 1 shows the overall rate of success for the Aus-
tralian cohort for the 17 different outcomes. Notewor-
thy are 2.5% aneurysm-related deaths, 1.8% 30-day
mortality, 2.9% initial type I endoleaks and 4.5%
mid-term type I endoleaks.
Table 2 lists how many patients had missing data
for each preoperative variable. Where data was miss-
ing, that patient had to be ignored for that particular
outcome model. Initial re-interventions and type II en-
doleaks outcome models have no missing data be-
cause they are the only models containing only age,
ASA and/or gender terms.Eur J Vasc Endovasc Surg Vol 35, May 2008
Table 1. Overall success rate
Success measure n Overall (%)
Technical success 890/961 93
Initial Clinical success 854/961 89
3-year survival 774/961 81
5-year survival 651/961 68
Aneurysm related death 24/961 2.5
Early death 17/961 1.8
Initial re-interventions 299/961 27
Mid-term re-interventions 118/938 13
Initial graft complications 242/961 25
Mid-term graft complications 102/938 11
Migration 21/961 2.2
Conversion to open repair 23/961 2.4
Rupture 16/961 1.7
Initial endoleak type 1 28/961 2.9
Midterm endoleak type 1 42/938 4.5
Initial endoleak type 2 67/961 7
Midterm endoleak type 2 132/938 14
574 M. Barnes et al.Table 3 lists the observed outcome rates (%) for up-
per and lower preoperative ranges. ASA has a large
effect on 5 year survival, 81% of patients with low
ASA survived 5 years, whilst only 40% of ASA IV pa-
tients survived 5 years post-procedure. Age had little
effect on migrations.
Table 4 lists all p-values for models of each out-
come. Bolding denotes which terms did statistically
significantly contribute to the model using AIC. It
should be noted that the p-values in each of the
non-bolded cells are calculated from an assessment
of a Wald statistic, whereas bolded cells are associated
with significant terms added sequentially to the
model and contain p-values calculated from a likeli-
hood ratio statistic.9,10 The largest bolded p-value in
each row was the last term included in that particular
outcome model.
Aneurysm diameter, age, ASA and creatinine levels
are used to predict 3 and 5 year survival. For the out-
come technical success, infrarenal neck length
( p¼ 0.005) was found to be the most significant vari-
able, explaining the largest proportion of variation
and therefore achieved the largest reduction in AIC.
Aneurysm diameter statistically significantly contrib-
uted the next largest portion of variation in technical
success. The likelihood ratio test comparing modelsTable 2. Number missing for each pre/perioperative variable
Preoperative variable Number missing
Aneurysm diameter maximum 20
Age 0
ASA 0
Gender 0
Creatinine 53
Aortic neck angle 0
Infrarenal neck length 91
Infrarenal neck diameter 84
Eur J Vasc Endovasc Surg Vol 35, May 2008including infrarenal neck length, with and without
aneurysm diameter yielded p¼ 0.057. Finally ASA
was selected via AIC to contribute a statistically sig-
nificant portion of variation in technical success.
Even though the likelihood ratio test p-value 0.132 is
greater than traditional cut-off of 0.05, the reduction
in AIC was significant, and therefore it is included
in the technical success model.
Table 5 lists the results of the global goodness of fit test
for each outcome model using the le Cessie-van Houwe-
lingen-Copas-Hosmer unweighted sum of squares test.
In the table a ‘good’ fit is indicated by large p-values
( p> 0.05). Lack of fit is indicated by low p-values
( p< 0.05). All p-values indicate that the outcome models
have reasonable fit, with the exception of the outcome
model for conversion to open repairs ( p¼ 0.04). The
low p-value suggests a lack of fit and it may be worth
refining the model for conversion to open repair.
Table 5 also lists the internal validation summary
results from the 100 bootstrap samples. The bias-
corrected Somers’ Dxy rank correlation, R-squared
index and the maximum absolute difference in pre-
dicted and calibrated probabilities Emax are pre-
sented in the table. The models that performed best
in terms of bias corrected predictive discrimination
(bolded) were survival, aneurysm related deaths, mi-
grations, ruptures and conversions to open repair. The
small corrected R-squared indices (maximum¼ 0.14)
indicate that models only explain a small portion of
the variation. Models for survival, migrations and
conversions to open repairs performed best in terms
of this bias corrected R-squared index. It is interesting
to note that even though the conversion to open repair
model had the least favourable goodness of fit, it has
performed comparatively well in terms of discrimina-
tion and R-squared index.
The models with the smallest calibration error
(Emax) are bolded in Table 5. They are 3 and 5 year
survival, early death and mid-term type I endoleaks.
Logistic regression is difficult to represent graphi-
cally because of the dichotomous nature of the data.
Models which include two preoperative variables
can be graphed to aid interpretation. Fig. 1 shows
the predicted versus actual aneurysm related death
rates observed. The actual observed rates for ASA II
and III were plotted for <45 mm, 45e50 mm, 50e
58 mm, 58e65 mm and >65 mm aneurysm diameter
ranges. For ASA IV, <50 mm, 50e65 mm and
>65 mm diameters were used. Graphically this model
looks reasonable, the actual rates are reasonably close
to the predicted curves.
An interactive predictive model is available from
the following website for download or online use
(http://www.surgeons.org/asernip-s/audit.htm).
Table 3. Observed rates by predictor variables
Aneurysm
diameter
(%)
Age
(%)
ASA
(%)
Gender
(%)
Creatinine
(%)
Aortic neck
angle
(%)
Infra. neck
diam.
(%)
Infra. neck
length
(%)
50 >55 70 >80 I or II IV Female Male 120 >160 45 >45 22 >22 20 >20
Technical success 93 92 95 93 94 86 92 93 93 90 88 94 92 92 89 95
Initial clinical success 90 89 94 88 89 81 89 89 89 88 84 90 90 88 88 90
3 Year survival 88 74 91 72 90 62 80 81 85 62 75 82 83 79 79 82
5 Year survival 80 60 80 56 81 40 71 67 73 43 63 69 70 67 68 71
Aneurysm related death 0 4 2 3 1 8 2 3 2 5 5 2 1 4 3 2
Early death 0 2 0 3 2 6 1 2 2 3 4 1 1 3 3 1
Initial re-interventions 29 34 30 35 27 37 37 30 31 34 34 31 32 32 35 29
Mid-term re-interventions 10 15 12 13 13 10 9 13 13 10 17 12 11 13 13 10
Graft complications 22 27 21 29 21 37 25 25 26 21 29 25 25 26 27 24
Mid-term graft
complications
6 13 9 9 9 16 9 11 10 13 12 11 8 13 10 11
Migrations 1 3 3 2 1 2 1 2 2 2 2 2 2 3 2 2
Convert to open 1 4 2 1 3 3 2 2 2.8 3.5 4 2 2 3 3 2
Ruptures 0 3 2 1 1 2 2 2 1 6 0 2 1 3 2 2
Initial endoleak type I 3 3 1 2 2 5 4 3 2 3 6 2 3 3 5 1
Mid-term endoleak type I 4 6 4 5 4 2 4 5 4 3 5 4 3 6 7 3
Initial endoleak type II 4 8 6 6 6 13 2 8 7 6 4 7 6 7 5 8
Mid-term endoleak type II 13 14 12 14 14 10 10 15 15 16 13 14 13 14 12 15
Rates are for ranges shown, one variable at a time. Outcome model considers variables simultaneously.
575EVAR Outcomes ModelFigs. 2 and 3 illustrate various data entry/output sce-
narios to outline the potential use of the model. Users
can enter up to eight preoperative variables and re-
view the predicted success rates and their associated
confidence intervals. The data entry screen provides
an indication of the common range for data entry
(see Fig. 2a). If measures for a patient are beyond
the common ranges, the closest bound of the ranges
is used to predict the success rate. For example, the
common age range is 55e90 years so for a 40 year
old, predictions are made for a 55 year old in the
audit.Table 4. Model p-values
Preoperative variable
Outcome
Aneurysm diam. Age ASA
Technical success 0.057 0.888 0.132
Initial clinical success 0.522 0.078 0.341
3 Year survival <0.001 <0.001 <0.001
5 Year survival 0.008 <0.001 <0.001
Aneurysm related death <0.001 0.284 0.030
Early death 0.001 0.070 0.317
Initial re-interventions 0.259 0.653 0.057
Mid-term re-interventions 0.330 0.975 0.688
Initial graft complications 0.587 0.068 0.014
Mid-term graft complications 0.027 0.899 0.221
Migrations 0.011 0.130 0.157
Convert to open repair <0.001 0.282 0.571
Ruptures <0.001 0.291 0.525
Initial endoleak type I 0.406 0.663 0.491
Mid-term endoleak type I 0.005 0.512 0.732
Initial endoleak type II 0.709 0.827 0.074
Mid-term endoleak type II 0.524 0.110 0.210
Bold significant terms list likelihood ratio p-values. Non significant ter
readily understood than reduction in AIC. Reduction in AIC was theCertain pre-operative factors are frequently known
earlier than others e hence the model was designed to
allow it to be used following two stages of consulta-
tion: initial consult where aneurysm diameter, age,
ASA, gender and creatinine would be known and fol-
lowing angiography/CT where measurements of aor-
tic neck angle, infrarenal neck length and infrarenal
neck diameter would be available.
The Fig. 2a scenario for an elderly male with signif-
icant co-morbidities and a large aneurysm (including
renal impairment) prior to definitive imaging, pro-
vides the predicted success rates for 17 differentGender Creatinine Aortic
neck angle
Infrarenal
neck diam.
Infrarenal
neck length
0.966 0.981 0.259 0.709 0.005
0.695 0.473 0.045 0.904 0.715
0.199 0.002 0.962 0.300 0.888
0.612 <0.001 0.836 0.699 0.847
0.844 0.698 0.924 0.490 0.374
0.433 0.803 0.179 0.285 0.413
0.206 0.797 0.758 0.883 0.306
0.045 0.029 0.014 0.651 0.491
0.940 0.127 0.746 0.152 0.359
0.920 0.793 0.808 0.070 0.549
0.784 0.899 0.656 0.276 0.012
0.694 0.062 0.912 0.993 0.774
0.476 0.201 0.719 0.560 0.927
0.568 0.870 0.436 0.635 0.007
0.862 0.263 0.674 0.130 0.894
0.021 0.638 0.483 0.279 0.429
0.088 0.552 0.519 0.417 0.184
ms list Wald p-values. p-values are displayed because they are more
criteria used for term inclusion.
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Table 5. Global goodness of fit test and validation summary
results
Outcome Goodness
of fit p
Validation Results
Corrected
Dxy
Corrected
R2
Corrected
Emax
Technical Success 0.07 0.163 0.025 0.071
Initial clinical success 0.92 0.131 0.010 0.041
3 Year survival 0.57 0.405 0.115 0.017
5 Year survival 0.62 0.386 0.139 0.009
Aneurysm
related death
0.53 0.497 0.099 0.022
Early death 0.92 0.384 0.058 0.007
Initial
re-interventions
0.36 0.063 0.003 0.060
Mid-term
re-interventions
0.13 0.170 0.016 0.075
Initial graft
complications
0.94 0.121 0.011 0.063
Mid-term graft
complications
0.19 0.113 0.003 0.130
Migrations 0.33 0.504 0.104 0.025
Convert to
open repair
0.04 0.477 0.101 0.136
Ruptures 0.93 0.533 0.084 0.124
Initial
endoleak type I
0.59 0.310 0.026 0.142
Mid-term
endoleak type I
0.32 0.255 0.038 0.001
Initial
endoleak type II
0.71 0.184 0.022 0.046
Mid-term
endoleak type II
0.12 0.082 0.005 0.112
Models with poor goodness of fit p-values are bolded. Models with
the best validation results are bolded.
576 M. Barnes et al.outcomes. His predicted survival at five years is low,
between 12 and 27%. Such a patient is predicted to
have a 7.1% chance of an early death.
95% confidence intervals are not shown for outcomes
that will become clearer after definitive imaging. TheAneurysm Maximum Diameter
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Fig. 1. Actual versus predicted aneurysm related death
rates; size and ASA.
Eur J Vasc Endovasc Surg Vol 35, May 2008predicted outcomes based on the first 5 preoperative var-
iables are shown. As previously mentioned the accuracy
of predictions of technical success will improve with in-
frarenal neck length information. Before imaging, the
predicted technical success is largely based on
Australian audit patients of similar age and ASA.
Fig. 2b shows the effect of the post angiography in-
formation (significant aortic neck angle, long and
wide infrarenal neck) for this patient on the predicted
success rates. With this additional information the pre-
dicted migration, mid-term reinterventions, graft com-
plications, mid-term type I and II endoleaks and
technical success rates have increased. Initial clinical
success and initial type I endoleak rates have de-
creased, as shown by the changes between Fig. 2a and b.
In the Fig. 3 scenario, it can be seen that the chance
of a young healthy man surviving for five years is ex-
cellent (90e97%), as are many of the other measures of
success. Early deaths, aneurysm related deaths and
ruptures are very unlikely, predictions span 0e2%.
Discussion
Endovascular aneurysm repair of abdominal aortic
aneurysms (AAA) has become increasingly widely
used because of the reduced perioperative mortality
and morbidity of this procedure in comparison to
open repair. The need for re-intervention in the me-
dium to long term to maintain aneurysm sac exclu-
sion remains problematic for clinicians.
Many surgeons perform endovascular repair in
sicker patients and those with aneurysm anatomy
which could be considered marginal for EVAR repair
(or outside current recommended anatomical guide-
lines). Such patients are likely to have a relatively
high perioperative event rate (mortality, graft and
systemic complications), higher requirement for re-
intervention during follow up and reduced long
term survival. Thus a wide variation in outcomes fol-
lowing elective EVAR is likely.
In the Australian audit, individuals classified as
ASA I/II have a 1.6% 30-day mortality compared to
6.3% perioperative mortality found in ASA IV/V pa-
tients. This marked difference is strikingly similar to
EVAR-1þ 2 trial data in which 30-day mortality for
EVAR-1 patients (relatively fit) was 1.7% versus 9%
in the EVAR-2 patients (‘‘unfit’’ for open repair).14,15
A number of models have been developed to pre-
dict outcome after elective open AAA repair. Pry-
therch et al. demonstrated that a simple preoperative
data set (urea, sodium, potassium, haemoglobin,
white cell count, age and mode of admission) is able
to predict perioperative mortality and morbidity in
elective open repair.16 Similarly, Tang et al. confirmed
Enter Patient details in green cells
Technical Success 89% 78% 95%
Aneurysm Dia. Maximum 80 mm Initial Clinical Success 80% 71% 87%
Age 85 years 3 year Survival 33% 22% 45%
ASA 4 5 year Survival 18% 12% 27%
Gender Ma le Aneurysm Related Death 15% 7% 29%
Creatinine 200 µmoles/L Early Death 7% 3% 15%
Aortic Neck angle 75 degrees Initial Re-interventions 37% 30% 45%
Infrarenal Neck Diameter 30 mm Mid-term Re-interventions 14% 7% 24%
Infrarenal Neck Length 40 mm Initial Graft Complications 35% 25% 48%
Have you got all 8 above? Al l 8 Mid-term Graft Complications 18% 11% 27%
Migrations 10% 3% 29%
Convert to Open Repair 4% 1% 13%
Ruptures 6% 3% 10%
Initial Endoleak Type I 1% 0% 3%
Mid-term Endoleak Type I 14% 7% 24%
Initial Endoleak Type II 13% 8% 20%
Mid-term Endoleak Type II 18% 13% 23%
Predicted Success  Rates
95% Confidence
Interval
Ma le
A ll 8
a
b
Enter Patient details in green cells
Technical Success 84%
Aneurysm Dia. Maximum Initial Clinical Success 86%  
Age 3 year Survival 33% 22% 45%
ASA 4 5 year Survival 18% 12% 27%
Gender Aneurysm Related Death 15% 7% 29%
Creatinine
80 
85 
200 Early Death 7% 3% 15%
Aortic Neck angle Initial Re-interventions 37% 30% 45%
Infrarenal Neck Diameter Mid-term Re-interventions 12%
Infrarenal Neck Length Initial Graft Complications 33%
Have you got all 8 above? First 5 Mid-term Graft Complications 17%
Migrations 9%
Convert to Open Repair 4% 1% 13%
Ruptures 6% 3% 10%
Initial Endoleak Type I 5%
Mid-term Endoleak Type I 9%
Initial Endoleak Type II 13% 8% 20%
Mid-term Endoleak Type II 17% 13% 22%
Predicted outcomes without confidence intervals will improve after definitive imaging
Predicted Success Rates 95% Confidence Interval
Male
First 5
years
mm
µmoles/L
Fig. 2. a. Scenario for elderly male with significant co-morbidities and a large aneurysm before angiography. b. Scenario for
elderly unhealthy male after definitive imaging.
577EVAR Outcomes Modelthat this Vascular Biochemisty and Haemotology Out-
come Model (VBHOM) and the Glasgow Aneurysm
Score (GAS) showed some predictive power for mor-
tality but that these models did not perform as well as
a more complex model which took into accountperioperative data (Estimation of Physiological Abil-
ity and Surgical Stress (E_PASS)).17
Many ‘predictive’ models (POSSUM-based and
APACHE-based) require perioperative or early post-
operative data to predict perioperative mortalityEur J Vasc Endovasc Surg Vol 35, May 2008
Enter Patient details in green cells
Technical Success 94% 91% 96%
Aneurysm Dia. Maximum Initial Clinical Success 95% 90% 97%
Age 55 years 3 year Survival 97% 94% 98%
ASA 2 5 year Survival 94% 90% 97%
Gender Male Aneurysm Related Death 1% 0% 2%
Creatinine 70 µmoles/L Early Death <1% 0% 2%
Aortic Neck angle 5 degrees Initial Re-interventions 28% 24% 33%
Infrarenal Neck Diameter 20 mm Mid-term Re-interventions 15% 11% 20%
Infrarenal Neck Length 20 mm Initial Graft Complications 16% 10% 25%
Have you got all 8 above? Mid-term Graft Complications 8% 6% 11%
Migrations 1% 0% 6%
Convert to Open Repair 2% 1% 3%
Ruptures 1% 0% 2%
Initial Endoleak Type I 4% 2% 5%
Mid-term Endoleak Type I 2% 1% 4%
Initial Endoleak Type II 6% 4% 8%
Mid-term Endoleak Type II 10% 5% 17%
Predicted Success Rates
95% Confidence
Interval 
Male
All  8
50 mm
Fig. 3. Scenario for a much healthier male.
578 M. Barnes et al.following open repair of AAA18 and thus cannot be
used for preoperative decision making.
The EVAR trial participants recently demonstrated
that the Customised Probability Index (CPI), which
includes the presence of cardiovascular, respiratory
and renal disease and is modified by the use of
ß-blockers and statins, is able to place patients in
good, moderate and poor fitness bands.19 The CPI
score was found to be non-linear but did demonstrate
a threshold value above which mortality risk in-
creased dramatically.
The aim of developing this interactive model is to al-
low surgeons to generate a realistic set of highly relevant
endpoints based on specific preoperative measures
when considering subjecting an individual patient to
endovascular aneurysm repair. Our model has been de-
veloped for use at two stages of the assessment of the in-
dividual with an abdominal aortic aneurysm. At initial
assessment a basic data set of age, gender, aneurysm
size, creatinine and ASA will give an estimated perio-
perative mortality value and predicted mid-term sur-
vival. This allows the clinician to consider whether the
likely risks of intervention and whether aneurysm ex-
clusion is likely to benefit the patient in the mid-term
(e.g. if aneurysm is relatively small and mid-term pre-
dicted survival is low). The second stage of the model
adds anatomical features after definitive imaging of
the aneurysm and can be used to predict a range of pro-
cedural and mid-term outcomes.
In addition to predicting perioperative and mid-
term mortality, this model allows the clinician toEur J Vasc Endovasc Surg Vol 35, May 2008assess whether the risk of a type I endoleak or graft
migration is unacceptably high. In anatomical situa-
tions where the risk of proximal graft complications
is high, consideration should then be given to plan-
ning an open or fenestrated repair.
In summary, the wide variation in outcomes found in
these patients is related to the variation in patient fitness
and anatomy. This interactive model allows the clinician
to generate a data set of likely outcomes associated with
performing EVAR repair in a specific patient.
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